Fisher exact and Kruskal-Wallis tests were used (p < 0.05).
Introduction
Traumatic brachial plexus injuries (BPIs) can hinder the elbow flexion function and thus dramatically alter the quality of life of individuals. Very often, the initial microneurosurgery cannot appropriately restore movement in this joint. In older injuries, nerve repair surgeries are not recommended, as there is definite atrophy and classic muscle transfers (MT) are possible only in partial lesions. Thus, some patients require complementary interventions for functional gain of elbow flexion. These procedures are related to MT or free muscle transfer (FMT). 1 The MTs were the first techniques described. Steindler flexorplasty and use of the latissimus dorsi, pectoralis major and triceps were the main types. 2 The FMTs are newer and exhibit higher technical difficulty, due to the need to perform the neurovascular microanastomosis between the transplanted muscle pedicle and the vessels and nerves of the injury site. In the upper limb, and more specifically to gain elbow flexion, the techniques used are the FMT of the contralateral latissimus dorsi (LD), rectus femoris and gracilis muscles. 1, 3 The literature has only three studies concerning the medial gastrocnemius (MG) used in the upper limb for FMT, in order to recover the function of an injured muscle group. Liu et al. 4 used it for Volkmann's ischemic contracture in the forearm, with good functional results. Serafin 5 proposed that the MG would have significant potential to restore elbow flexion or extension. Kwae et al. 6 described the FMT of the MG to gain elbow flexion in patients with traumatic BPI.
The aim of this study was to compare the gain in elbow flexion in patients with traumatic BPI after standard surgical procedure of MT of the LD (control group) with FMT of the MG (study group).
Method
Retrospective study carried out by the review of medical records from a convenience sample consisting of 13 patients with traumatic BPI that were consecutively submitted to surgical procedure from December 2000 to December 2010 at the Hand and Microsurgery Service. These patients were divided into two groups. Group 1 or study consisted of seven patients submitted to FMT of the MG and group 2 or control consisted of six patients submitted to MT of the LD.
Patients that were included in the two groups had muscle strength equal to M0 (without strength) and degree of elbow flexion between 0 and 10 • (no movement), who had already been submitted to surgery with other techniques, but without success, or those that had the plexus injury for about a year and had not been treated surgically, without the possibility of a previous neural surgery. Also, as inclusion criteria, patients with preoperative LD muscle activity ≥ M4 were chosen for the LD control group, while for the MG study group, patients with LD strength ≤ M3 were selected, as LD transfer would be contraindicated in this situation.
We excluded patients that had incomplete data in their medical records, or preoperative strength ≥ M1 and elbow flexion > 10 • .
The data collected from medical records consisted of age, time of injury in months, neural injury level, type of neural damage, type of muscle transfer, type of previous surgery, elbow flexion strength and range of motion for both pre-and postoperative periods.
The level and type of neurologic injury were diagnosed by preoperative electromyography. As for elbow flexion, the degree of muscle strength was measured by the British Medical Council scale (M0 = no movement; M1 = only a trace or flicker of movement is seen or felt, or fasciculations are observed; M2 = muscle can only move if resistance of gravity is removed; M3 = joint can be moved only against gravity with examiner's resistance completely removed; M4 = strength reduced, but contraction can still move joint against resistance; M5 = normal strength) and a manual goniometer was used to measure range of motion (ROM), starting from zero degrees in total elbow extension to the maximum angle achieved and maintained by the patient, one year after muscular transfer surgery.
In group 1, the MG FMT was performed with the following steps: (1) median curvilinear longitudinal incision, which starts 8 cm proximal to the popliteal crease, extends distally up to 10 cm proximal to the medial malleolus; (2) dissection of the intermuscular septum between the two gastrocnemius bellies, laterally displacing the small saphenous vein and the sural nerve, individualizing the muscle and neurovascular structures of the popliteal fossa; (3) the origin of the MG is then severed from the femoral medial condyle and the medial sural neurovascular bundle is dissected and clamped for resection, in its longest extension, 1 cm proximal to the joint; (4) identification of the sciatic, medial popliteal and tibial nerve (from the roots of L4-L5/S1-S3 of the lumbosacral plexus), from which the branch to the MG originates, called medial sural nerve (MSN), according to the anatomical model described by Moraes et al. 7 (5) identification of the number of arterial and venous branches that arrive at the MG pedicle, as well as the crossing of the small saphenous vein over the MSN, which may hinder its dissection; (6) deltopectoral incision and subcutaneous dissection in the upper limb to where one intends to transfer the MG for biceps function with dissection of the artery, the thoracodorsal vein and the cephalic vein; (7) MG FMT for elbow flexion, with fixation of the proximal ventral region at the proximal end of the humerus through the bone window and fixation with cortical screws in the distal region of the distal stump of the biceps tendon; (8) microanastomosis of the arterial branch of the MG in the thoracodorsal artery; the veins were attached, one in the thoracodorsal vein and another in the cephalic vein; (9) the microanastomosis of the MG MSN was carried out in different peripheral branches, with neurotizations to the musculocutaneous from the ulnar, intercostal or accessory nerves. 1, 8, 9 One of the principles of surgical reconstruction of traumatic BPIs is the recovery of elbow flexion. Thus, the following parameters are considered satisfactory: (1) ROM: elbow flexion ≥ 80 • and (2) strength: elbow flexion ≥ M3. Group 2 consisted of patients submitted to ipsilateral latissimus dorsi transfer, which was performed as previously described in literature. 1, 2 Data were collected and stored in Excel for Windows and analyzed using the statistical software program SPSS for Windows, version 13.0. All samples were evaluated by Fisher's exact test for parametric data and Kruskal-Wallis test for nonparametric data. Statistical significance was set at p ≤ 0.05.
Results
Of the 13 patients assessed to improve elbow flexion function after traumatic BPI, seven (54%) were in group 1 (free muscle transfer of the medial gastrocnemius), with a mean lesion time of 18.4 months (10-30), and six (46%) in group 2 or control (latissimus dorsi transfer), with a mean time of lesion of 22.3 months (12-36). All patients were males.
Mean age was 32 years (17-56). The right side was affected in seven (54%) cases and the left in six (46%). Seven cases (54%) were from Goiânia and six (46%) from the state of Goiás countryside. Regarding work, two patients (15%) were unemployed, five (39%) did manual work and six (46%) worked in the administrative area.
Motorcycle accident was the cause of the injury in nine patients (70%) (p < 0.05); one (7.5%) case was due to automobile accident, one (7.5%) case was hit by a car, one (7.5%) had a work-related accident and one (7.5%) was due to firearm injury.
The clinical characteristics of patients in group 1 (MG) related to the type of brachial plexus injury and its evolution after treatment are shown in Table 1 and those of group 2 (GD) are shown in Table 2 .
Regarding gain of strength in elbow flexion, we observed that both groups had satisfactory results with a gain equal to or above M3, group 1 with seven patients (100%) and group 2 with five (83.3%), but no significant difference (p = 0.462). There were no results with gain M5 and group 2 had one patient (16.7%) with poor results in terms of strength gain, which only achieved M2 (Fig. 1) .
Regarding the range of motion gain in degrees of elbow flexion, we observed that satisfactory results with gains > 80 • in daily functions were found in group 1 in six patients (86%) and in group 2 in three (50%), but with no significant difference (p = 0.1). There were no results with gain > 150 • . Regarding the results in which flexion was only achieved up to 60 • , there was only one patient (14.3%) in group 1 and three patients in group 2 (50%) (Fig. 2) . 
Discussion
Elbow flexion improvement in patients with traumatic BPIs provides an important gain in the injured limb function and an elbow considered adequate is the one with strength ≥ M3, ideally ≥ M4 and with more than 80 • of active flexion. 2 The MTs are mainly indicated in cases where the patient has had a partial injury or only in the upper trunk (C5C6) or shows good hand and wrist function. The FMT have a wider range of possibilities, but with far greater technical difficulties. For the hand to work adequately, the shoulder must be stable and the elbow must have adequate flexion-extension activity, to position it in the space. 9 Otherwise the limb will become nonfunctional. Both in the MT or FMT for elbow recovery, regardless of the chosen technique, the elbow joint cannot be ankylosed or contracted and the chosen muscle must have M4 or M5 strength.
The MT from the triceps to the biceps is considered by Steindler 10 as unsatisfactory, as it can affect elbow extension. The triceps has an important function in the upper limb and, therefore, the MT should be used only as a last resort. According to some authors, such as Pardiniet al. 11 they use it due to the technical simplicity, as well as because this MT is able to allow the patient to move the hand to the head and mouth with satisfactory flexion of around 120 • and provides muscle strength to support up to three and a half kilograms.
The MT from the pectoralis major to the biceps can be used in the partial unipolar, partial bipolar or complete bipolar manner, in which the sternocostal, clavicular and humeral portions are used. Its main contraindication in relation to other MTs is damage to the axillary artery, which impairs the thoracoacromial artery. However, it is not the first option either, as the pectoralis major is part of the shoulder girdle and may be used for shoulder recovery and its results are not satisfactory for most patients, who end up attaining only 60 • of elbow flexion in average and with little strength. 12 Steindler flexorplasty 10 was the first procedure used for rehabilitation of the paralyzed elbow. It was initially applied in patients with polio sequelae, obstetrical and arthrogrypotic paralysis and only later in traumatic BPI. That MT is performed by freeing the medial elbow epicondyle along with flexor-pronator muscles of the forearm (pronator teres, flexor carpi radialis, palmaris longus, flexor digitorum superficialis and flexor carpi ulnaris) and then subsequently fixation to a more proximal portion of the humerus. It is currently one of the most widely used techniques, as it is simple to perform and can attain more than 100 • of elbow flexion in 70% of patients. However, its disadvantages are a decrease in the flexing strength of the hand and wrist; objects can be raised only if they weight up to two kilograms and the contracture of elbow joint. 13 However, it is the main MT used for elbow recovery and from the latissimus dorsi to the ipsilateral biceps, where the results can reach over 100 • of active elbow flexion and M4 strength. The latissimus dorsi can be transferred in unipolar or bipolar manner and the main contraindication is the lack of an adequate postoperative rehabilitation program. 14 As for the FMT, the most often used muscle is the contralateral latissimus dorsi [15] [16] [17] followed by the gracilis (GD) from the lower limb, and rarely the rectus femoris. 1 The indication for a FMT comes from the need to restore elbow flexion function in traumatic BPIs, even after neurosurgical procedures in the plexus, or in cases that are referred for treatment after one year. The FMT will not be necessary when science is able to maintain the morphology and ultrastructure of denervated muscle make neural grafts directly onto the spinal cord and accelerate the neuronal regeneration velocity. 18 The gracilis FMT can be performed as a single procedure to gain elbow flexion function or as dual procedure to attain elbow flexion and at the same time improve hand function and shoulder stability. When it is used only to gain elbow flexion, approximately 80% of patients reach M4 strength, but when used as dual function, this number decreases to 60%. [19] [20] [21] According to the literature, [22] [23] [24] [25] [26] the MG has attractive features for FMT, such as: length, excursion capacity, contraction force proportional to the sectional area, long insertional tendon, adequate neurovascular bundle (blood supply class I), pure motor branch of the MSN from the medial popliteal nerve (95% single branch).
Other advantages are: resection of only one gastrocnemius belly, which does not affect the plant flexion function and does not cause major deformity. The scar left by the MG removal is cosmetically acceptable, especially in men. Moreover, in patients that may be submitted to local transfers, the MG FMT has the advantage of adding another muscle group to a weakened upper limb, aiming at better function. The disadvantages are: the scars in women; the supine position makes it difficult to dissect at the donor site (popliteal fossa) in FMT to upper limb. Optionally, the procedure can be performed with the patient in the lateral decubitus position.
We believe that the anastomosis of the MSN with part of the ulnar showed better performance than with the intercostal nerve, due to the shorter reinnervation distance. However, the use of the intercostal nerve can be considered an option if the ulnar is not available.
The MG FMT to biceps had not been performed, until then, for this purpose. Thus Kuwae et al. 6 described in two cases the MG FMT for elbow flexion function recovery in patients with traumatic BPIs. In our study, we observed good results ≥ M3 in 100% of MG FMT and 85.6% in GD MT and excellent results with M4 in 57% of the MG FMT and 29% in GD MT, but without significant difference. Regarding the elbow range of motion, flexion exceeded 80 • in 85.6% of patients undergoing MG FMT and in 57% of patients submitted to GD MT. This difference was not significant between the groups.
When comparing the results of the two groups, there was no difference in elbow flexion gain. Patients submitted to free transfer of the medial gastrocnemius muscle had a higher gain in strength and ROM when compared with the control group submitted to latissimus dorsi transfer, but without statistical significance. Thus, MG FMT can be considered a technique of which results are not inferior to those of the LD MT standard technique and becomes a viable option if other techniques cannot be applied.
Conclusion
Patients submitted to the free transfer of the medial gastrocnemius muscle had a higher gain in strength and ROM when compared with the control group submitted to latissimus dorsi transfer, but without statistical significance. Thus, the free muscular transfer of the gastrocnemius becomes a new surgical option if other techniques cannot be applied.
